Objectives -Stimulating environments foster cognitive vitality in older age. However, it is not known whether and how geographical and physical characteristics of lived environments contribute to cognitive ageing. Evidence of higher prevalence of dementia in rural rather than urban contexts suggests that urban environments may be more stimulating either cognitively, socially or in terms of lifestyle. The present study explored urban/rural differences in cognition for healthy community-dwelling older people while controlling for a comprehensive spectrum of confounding factors. Results -Urban residents showed better performance than the other two residence groups for global cognition and executive functions after controlling for covariates. Childhood urban residence was associated with a cognitive advantage especially for currently rural participants.
Introduction
and complex environments which require some form of dual tasking. In fact, there is 1 evidence that exposure to natural, green settings (more likely to be found in rural 2 environments) restores attentional resources both in young and older individuals by imposing 3 fewer demands on visual or auditory processing (Berman, Jonides, & Kaplan, 2008; Berto, 4 2005; Gamble, Howard, & Howard, 2014; Hartig, Evans, Jamner, Davis, & Gärling, 2003;  5 Ottosson & Grahn, 2006) . Based on these studies, it might be argued that urban and rural 6 environments contribute differently to cognitive stimulation, particularly in older age when 7 fluid cognitive skills are in decline (Hedden & Gabrieli, 2004; Schneider & Kathleen, 2000; 8 Singer et al., 2003) . However, little is known about which aspects of the built environment 9 act as a source of optimal cognitive stimulation for older people, and which specific cognitive 10 benefits are associated with urban or rural living, given current contrasting evidence from 11 epidemiological studies on dementia and experimental studies on attention and executive 12 functions. 13 To address this issue, the present study aimed to explore urban/rural differences for a 14 wide range of cognitive processes in community-dwelling people aged 50 and over residing 15 in the Republic of Ireland, while considering the role of socioeconomic, health, and lifestyle 16 factors known to be strongly associated with enhanced cognitive health in ageing (Hertzog et 17 al., 2008; Kelly et al., 2014) . To our knowledge, this is the first study that allows for such a 18 broad assessment of cognition while taking into account relevant confounding factors. In the 19 light of the existing literature on cognitive functions, the study tested the hypothesis that, if 20 urban environments are more stimulating and engaging than rural areas, urban older dwellers 21 would show better cognitive performance than rural dwellers, especially in terms of executive 22 functions (Robertson, 2014) when confounding factors are accounted for. Vice versa, if urban 23 environments are over-stimulating and impose cognitive load in older age (Linnell et al., 24 2013), urban older people should have poorer cognitive performance than rural dwellers.
Moreover, based on the evidence that early life residence circumstances can influence late-1 life cognition (Contador et al., 2015; Fors, Lennartsson, & Lundberg, 2009; Hall, Gao, 2 Unverzagt, & Hendrie, 2000; Nguyen et al., 2008; Zhang, Gu, & Hayward, 2008) , the present 3 study explored whether interactions between current and childhood location of residence 4 influenced cognitive scores. 8,000 healthy Irish residents aged 50 and over (Kearney et al., 2011; Kenny, 2013) which 10 began in 2009 and is conducted every two years. Participants in TILDA are asked to 11 complete a computer-assisted personal interview (CAPI) and a self-completion questionnaire 12 (SCQ) in their homes, as well as a physical and cognitive health assessment conducted by 13 trained study nurses in one of two dedicated health centres or at home (Cronin, O'Regan, 14 Finucane, Kearney, & Kenny, 2013) . The present study analysed data from the First Wave of were excluded from the analyses in order to have a fixed sample size for all statistical 22 models, leaving a final sample of 3,765 observations (Fig. 1) . The final sample size was 23 heavily influenced by the missing data for covariates such as income, which had around 1,400 missing values: despite this high level of non-response, the covariate was kept in the 1 analyses to give a better account of socioeconomic status, strongly associated with cognitive 2 health in older age. Specific sampling methodology and sampling weights based on the 3 distribution of socio-demographic characteristics at population level (Kearney et al., 2011; 4 Kenny et al., 2010; Whelan & Savva, 2013) were used to ensure the representativeness of the 5 TILDA sample. The sampling weights were applied to the analyses in the present study to 6 ensure the representativeness of our subsample (see Statistical analyses section for further 7 details). Moreover, the distribution of participants per area of residence (the explanatory 8 variable in our study) in the sample included in this study did not differ significantly from 9 that of participants taking part in the health assessment, further supporting the 10 representativeness of the subsample. Further details on the design and methodology of 11 TILDA in relation to representativeness of the sample are available elsewhere (Cronin et al., 12 2013; Kenny et al., 2010; Whelan & Savva, 2013) , and comparability with other longitudinal 13 studies has been demonstrated (Savva, Maty, Setti, & Feeney, 2013 ).
Design
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Cross-sectional analyses were conducted on measures of cognitive performance in released by TILDA (see http://www.ucd.ie/issda/data/tilda/) was used in order to maintain 22 confidentiality and data protection. Ethical approval was obtained at the beginning of the data 23 collection, and all respondents provided signed informed consent before participation (Kenny et al., 2010) excluding therefore individuals with severe cognitive impairment (Whelan & 1 Savva, 2013) . (www.cso.ie), the "Urban" category refers to the Dublin area, which is the only urban 7 settlement with more than one million inhabitants in the Republic of Ireland, while the 8 category "Other settlements" include five Cities, five Boroughs, and 75 Towns with a 9 population ranging from 1,500 to less than 200,000 inhabitants; lastly, rural areas are 10 settlements with a population of less than 1,500.
11
Outcome variables
12
The dependent variables for the study included measures of cognitive performance 13 collected during the CAPI interview and the health assessment in TILDA (Kenny et al., 14 2010), and are related to global cognition, memory, speed of processing, attention, and 15 executive functions ( (Nasreddine et al., 2005) and the Mini Mental State Examination 17 (MMSE) (Folstein, Folstein, & McHugh, 1975 Registry for Alzheimer's Disease (CERAD) battery (Morris et al., 1989; Welsh et al., 1994), 20 derived from the Health & Retirement Study and used across several longitudinal studies 21 (Shih, Lee, & Das, 2011) ; recall and recognition in a Picture Memory Test taken from the 22 Cambridge Mental Disorders of the Elderly Examination, or CAMDEX (Roth et al., 1986); 23 prospective memory based on the Rivermead Behavioural Memory Test (Wilson, Cockburn, & Baddeley, 1991) . Speed of processing was assessed through the cognitive mean reaction (Lezak, 2004) , a 6-items test of visual reasoning from the 9 CAMDEX (Roth et al., 1986) , the mean completion time (seconds) for the Colour Trail Making Test 2 (D'Elia, Satz, Uchiyama, & White, 1996) , and the mean change in completion 11 time from CTT 1 to CTT2 (CTT delta), this last considered a measure of executive function 12 adjusted for biases due to differences in visuo-motor functioning (Ble et al., 2005) . CTT 13 errors were not analysed due to the very low error rate (less than 10% for one error and less 14 than 2% for two or more errors) (Cavaco et al., 2013) .
Insert Table 1 here
Covariates
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Covariates for statistical analyses (see details in Table 2) Berkman-Syme Social Engagement Index (Berkman & Syme, 1979) together with attendance 18 at religious events and the presence of at least two close friends or relatives, were the only 19 two components to be significantly associated with cognitive scores for this sample, and were 20 thus included in the analyses, while the global Index itself and its other two components were
Insert Table 2 here
Statistical analyses
2 Statistical analyses were performed using Stata version 12 (StataCorp LP). Survey 3 data analyses were conducted by applying sampling weights which provided estimates 4 correcting for distribution of socio-demographic characteristics at national level, and for 5 differential responses to the health assessment (Barrett et al., 2011) . Descriptive statistics and 6 regression models explored differences in cognitive performance among the three categories 
Results
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Descriptive data for the study sample are shown in Table 3 and Table 4 . In this 17 sample (Mean age 62.5, 48.5% female), 24.9% lived in urban areas at the time of data 18 collection, 26.8% in other settlements, and 48.2% in rural areas.
Insert Table 3 here
The distributions of cognitive scores among the three categories of current residence 1 (see Table 4 ) showed poorer performance for rural than urban participants in relation to Memory test and for some measures of executive functions, while they were slightly faster in 9 the SART.
Insert Table 4 here
The results of regression analyses in Model 1 (univariate analyses) and Model 2 14 (adjusted for all covariates) are shown in Table 5 , where the cognitive scores of participants 15 living in other settlements or rural areas were compared to those of urban dwellers, the 16 reference category. Regression models are not presented for PIC recall, prospective memory, 17 CRT, CTT 1, SART SD, Omissions and Commissions, as these did not show significant 18 differences in the descriptive analyses (see Table 4 ). In the regression models, unstandardized 
Insert Table 5 here Table 3 ), and participants with rural rather than urban childhood had significantly worse 22 cognitive performance for most measures in the multiple regression models (see Table 1s,   23 supplemental material). Analyses of interactions between childhood and current residence were therefore conducted to explore the potential modulation of childhood environment on 1 the association between place of residence and cognitive outcomes. between current residence and the IPAQ did not provide any significant results.
Insert Figure 2 here
Our results suggest that residing in a highly urbanised area was associated with better aged participants, differences which however disappeared after controlling for self-rated 13 academic skills. On the contrary, such differences remained significant in our study after 14 controlling for educational attainment, a discrepancy possibly due to the older age of our 15 sample. contribute to the macro-differences in cognitive performance between individuals living in urban areas or other settlements found in the study (Cassarino & Setti, 2015; Wu et al., 2014) . urban/rural differences in mental health (Gavrila et al., 2009; Klich-Rączka et al., 2014;  21 Lederbogen et al., 2011; Russ et al., 2012) . Education, income and occupational status were 22 used as measures of socioeconomic status, while Body Mass Index was controlled for as a 23 measure of obesity, which is influenced by a poor diet and unhealthy lifestyle (Hu et al., 24 2001; Mozaffarian, Hao, Rimm, Willett, & Hu, 2011) , and associated with cognition both directly or indirectly (Łojko et al., 2014; Profenno, Porsteinsson, & Faraone, 2010; Wang et 1 al., 2014) . No data were available for exposure to risk factors for disease or environmental 2 toxins within the sample, but our analyses controlled for health conditions which could be 3 related both to environmental exposure and to a higher risk of disease, and these did not alter 4 our findings. In addition, the Irish Environmental Protection Agency has reported no 5 geographical variations in air quality, radiation, or soil contamination, and the general Irish 6 environmental quality is within the standards set by the European Commission (reports from 7 2013 are available at http://www.epa.ie/pubs/reports/).
8
The selection of a small final sample size due to the high number of missing data for 9 the covariate income (around 1,400 missing observations) is a potential limitation for the 10 study because it might have caused biased estimates in our models, despite the use of 11 sampling weights which ensured representativeness. Although we are aware that such a loss 12 of observations might have affected our results, adding this variable to our analyses was in 13 our opinion crucial because income is a measure of socioeconomic status which has been 14 shown in the literature to correlate strongly with cognitive outcomes in older age (Fors et al., 15 2009; Glymour & Manly, 2008) .
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The present study suggests urban/rural differences in the cognitive performance of Continuous ( Note. a IADL (Instrumental activities of daily living) disabilities refer to managing money, shopping, using the telephone, housekeeping, preparing meals, and taking medications correctly.
b ADL (Activities of daily living) disabilities refer to basic tasks of everyday life, such as eating, bathing, dressing, toileting, and moving about.
c The CES-D (Center for Epidemiologic Studies Depression Scale) is a self-administered 20-items scale which assesses the presence of depressive symptoms in the general population d The IPAQ (International Physical Activity Questionnaire) asks participants to indicate the amount of physical activity undertaken in the past seven days. 
